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Tight junction This SnapShot portrays important regulatory pathways and major cellular events that are activated during the transition from an epithelial to a mesenchymal morphology during development and disease. The cell on the left represents the epithelial state, whereas the central cell depicts transcriptional regulatory networks that orchestrate the process of epithelial-to-mesenchymal transition (EMT). The cell on the right illustrates some of the consequences of the activity of these networks that endow formerly epithelial cells with mesenchymal characteristics. Note that this overview does not take into account cell-type-specific regulation of EMT, and that not all illustrated mechanisms are obligate for EMT to occur. The temporal regulation of the EMT process is also not considered in this SnapShot.
The Epithelial Phenotype
Polarized epithelial cells are typified by tight junctions, adherens junctions, desmosomes, and gap junctions. Junctional complexes not only act as mediators of polarized cell-cell contacts but also serve as anchor points for the actin cytoskeleton. Adherens junctions can additionally anchor apicobasal microtubule arrays, and through E-cadherin-DDR1 interactions are also involved in collective cell migration. Organization of the actin cytoskeleton, microtubule arrays, and cell-cell junctions is tightly coordinated in a mechanism that probably involves IQGAP, but the details remain to be investigated. Balanced regulation of the activities of RhoA (stress fibers), Cdc42 (filopodia), and Rac1 (lamellipodia) stabilizes the actin cytoskeleton and maintains the epithelial phenotype. Epithelial cells are tethered to the underlying basement membrane, for example through integrins. The repression of EMT-inducing transcriptional regulators (for example, through microRNAs), as well the activity of positively acting factors such as FOXA1/2, ensures that expression of key junctional proteins such as E-cadherin is maintained. Suppression of GSK3β also helps to maintain the epithelial phenotype.
Transcriptional Activation of EMT
A variety of extracellular stimuli have the potential to induce EMT. A complex network of positively and negatively acting signal transduction mechanisms converge on the nucleus to downregulate genes required for the epithelial phenotype and to upregulate genes that specify mesenchymal characteristics. GSK3β and NF-κB play central roles in coordinating these pathways. Members of the Snail family of transcriptional regulators, namely Snail1 and Snail2, have emerged as a key regulatory node. The zinc finger transcription factors Zeb1 and Zeb2 also make a pivotal contribution to this regulation. EMT-inducing signals promote their expression, regulate their stability, and/or alter their subcellular location.
Loss of Epithelial and Acquisition of Mesenchymal Characteristics
Key targets of the pathways that induce EMT include the adherens junction components E-cadherin and β-catenin. In addition to being transcriptionally downregulated and epigenetically switched off, E-cadherin can be proteolytically cleaved and targeted to endosomes for degradation. Proteosomal degradation of β-catenin destabilizes adherens junctions, whereas loss of E-cadherin can increase the free pool of β-catenin that can then enter the nucleus and modulate transcription. An important consequence of EMTinducing transcriptional modulation as well as other pro-EMT processes is the loss of the junctional complexes that typify polarized epithelial cells. Enhanced activation of the GTPases Cdc42 and Rac1 and suppression of RhoA favor the formation of lamellipodia and filopodia, migration, and invasion. A variety of mechanisms promote the assembly and turnover of focal adhesions. Extensive cytoskeleton remodeling occurs, including switching from a predominantly cytokeratin to a vimentin-rich intermediate filament network. Detyrosination of tubulin promotes microtentacle formation. Proteolytic enzymes are produced that together with increased expression of extracellular matrix components serve to remodel the microenvironment surrounding the cells. Other properties endowed on cells undergoing EMT include resistance to apoptosis, senescence, and therapeutics and the acquisition of stemness characteristics.
